the electrical and mechanical activity of the visceral smooth muscles.
However, the structural complexity of the tissue has prevented a quantitative description of the above phenomena.
For this reason , depolarized smooth muscles have often been used to investigate the mechanism of contraction in relation to excitation-contraction coupling (IMAI & TAKEDA 1967 , see review of SCHILD 1964 .
Recently, the double sucrose gap method was successfully applied to investigate the electrical and mechanical activity of mammalian smooth muscle, namely, the relative change of the membrane potential , spike amplitude and frequency, membrane resistance and tension development (BRADING, BULBRING & TOMITA 1969 , BULBRING & TOMITA 1969a , b & c, KURIYAMA & TOMITA 1970 . The theoretical considerations underlying the application of the double sucrose gap method to smooth muscle and a comparison with model circuits have also been discussed by KURIYAMA & TOMITA (1970) . A modified Krebs solution of the following composition was used (mM): Na+137.4; K+5.9; Mg++1.2; Ca++2.5; C1-134.0; HCO3-15.5; H2PO4-1.2 and glucose 11.5; equilibrated with 97% O2 and 3% CO2.
As a substitute for Na+, tris-(hydroxymethyl aminomethane), Li+, and sucrose were used.
When Na-free solution was used, NaCl and NaHCO3 were omitted and KCl was replaced with KHCO3. The pH was adjusted to 7.2-7.3 with tris buffer. As a substitute for chloride, NO3-, Br-, C6H5SO3-and sucrose were used, However, in all solutions 5.6 mM of Cl-remained in CaCl2 and MgCl2.
Some experiments were carried out with the microelectrode technique to measure the membrane potential.
The method was the same as that described by KURIYAMA, OSA & TASAKI (1970) .
RESULTS

Relationship
between the membrane activity and tension Extracellularly applied inward current pulses to the tissue using the double sucrose gap method hyperpolarized the membrane with a time constant of 1.2-1.8 sec. This time constant of the electrotonic potential did not represent the time constant of the membrane but the amplitude of the electrotonic potential was used to indicate the relative change of the membrane conductance (KU-RIYAMA & TOMITA 1970) . The application of outward current to the tissue depolarized the membrane and elicited a spike when the electrotonic potential exceeded the electrical threshold, and it was followed by tension development. The amplitude of the spike ranged from a few mV to 52 mV with a duration of 50-120 msec. The current-voltage relationship obtained from the electrotonic potentials of the antral circular muscle showed a marked rectifying property of the membrane. In the above experiments, the maximum spike amplitude and the tension development can be thought of as the maximum activity of the tissue (0.5 mm in length), since the double sucrose gap method is a current clamp method, and the space constant of the tissue measured by extracellular stimulating method is 1.4 mm (KURIYAMA, OSA & TASAKI 1970 Substitution for Na ion Na ion was replaced with tris ion, sucrose and Li ion. When the external NaCl and NaHCO3 were replaced with tris-Cl, the membrane was hyperpolarized (5-12 mV; n=5) and the membrane resistance reduced (0.54-0.72 times the control value; n=5) (ITO, KURIYAMA & SAKAMOTO 1970) . Reduction of the membrane resistance was also observed in guinea-pig taenia coli (BULBRING & TOMITA 1969a & b) and the opposite effect was observed in guinea-pig ureter (KURIYAMA & TOMITA 1970 When the external NaCl and NaHCO3 were replaced with sucrose, the membrane was hyperpolarized with increased membrane resistance (6-10 mV and 1.3-1.7 times the control value respectively; n=5). The spike could be elicited with the corresponding intensity of outward current which elicited the spike in Krebs solution.
However, the amplitude of the tension was markedly. reduced (0.3-0.6 times the control value; n=5), even though the spike amplitude was larger than that in Krebs solution.
The relaxation time of contraction was also prolonged (1.2-1.6 times the control value; n=5). FIG. 5 shows the effects of outward current pulses to the antral smooth muscle in Krebs and in sucrose-Krebs solution after 20 min. of perfusion. The membrane was hyperpolarized by several mV and the membrane resistance increased (1.3 times the control value). The amplitude of the spike was larger in the sucrose-Krebs solution than in Krebs solution. However, the amplitude of the tension fell to below half of that in Krebs. Effects of anion substitution NO3 and Br ion were substituted for Cl ion, and the electrical and mechanical activity of antral smooth muscle was observed under these conditions. When Cl ion in Krebs solution was replaced by Br or NO3 ion, the membrane was slightly hyperpolarized (3-8 mV; n=10), and the membrane resistance was reduced (0.6-0.84 times the control value in Br; n=5 and 0.62-0.82 times in NO3; n=3). in Br and NO3 ion than in Cl ion, and excitability of the membrane and amplitude of the contraction were enhanced in Br and NO3 ion compared with Cl ion. These observations confirmed the results obtained from the guineapig taenia coli (KURIYAMA 1963 , BRADING, BULBRING & TOMITA 1969 . Br ion showed a stronger action than NO3 ion in these respects. In Br-Krebs solution the slow potential changes were generated even in the absence of spikes and contraction, but in NO3-Krebs solution generation of the slow potential changes was suppressed. FIG . 8 shows the effects of tris-Cl and tris-NO3 on the membrane activity of antral smooth muscle. The records were taken from the same tissue. As described previously, membrane resistance was reduced in tris-Krebs solution, and therefore an increased intensity of the outward current pulse was required to elicit the spike and phasic contraction. During replacement by tris-NO3, the membrane resistance was further reduced, but the spike and phasic tension were both greater than in Krebs solution. The amplitude and duration of the phasic tension were enlarged and prolonged in tris-NO3 Krebs solution.
FIG. 8. Effects of NO3 ion in Na-free (tris) solution
on the electrical and mechanical activity of the antrum smooth muscle. Na ion was completely replaced with tris and pH was adjusted to 7.3. All records were taken from the same preparation.
The membrane potential levels were displaced artificially. 9 shows the effects of Sr ion on the electrical and mechanical activity of antral smooth muscle. After 20 min. perfusion, the membrane potential remained the same but the membrane resistance was slightly increased. The spike amplitude remained the same as that in Krebs solution or was slightly enlarged.
Divalent cation
The most drastic change appeared in tension development. The amplitude of phasic tension in the Sr-Krebs was lowered to a tenth of the control value even though the spike amplitude remained the same (0.28-0.10 times the control value; n=5). The effects of Sr ion on the electrical and mechanical activity of antral smooth muscle in Na-free sucrose solution were observed.
The membrane was hyperpolarized (10-13 mV), the membrane resistance was increased (1.3-1.9 times the control value; n=5) and spikes were elicited . The spike amplitude was nearly the same as that in Krebs solution . However, the amplitude of the phasic tension elicited by the spike was larger in the Na-free Sr-Krebs solution (0.49-0.37 times the control value; n=5) than in the Sr-Krebs solution.
With replacement of Ca ion by Ba ion in the same concentration, both evoked and spontaneous membrane activity with plateau formation were seen. The amplitude of the phasic tension was reduced markedly.
However, when the external Cl ion was replaced with NO3 or Br ion, Sr and Ba ion substitution for Ca ion restored the amplitude of contraction. FIG. 10 and 11 show the effects of Ba ions on the electrical and mechanical activity of antral smooth muscle in the presence of Cl ions (FIG. 10) and Br ions (FIG. 11) . In the presence of Ba ions, whether the anion was Cl or Br ion, the membrane was depolarized to the same extent (4-9 mV; n=5 in Cl ion and 3-8 mV; n=3 in Br ion) and also spontaneous spiking with sustained depolarization was recorded with the same amplitude of 44-53 mV (n=5). However, the amplitude of the phasic tension was restored in the presence of Br ion instead of Cl ion (0.14 times the control value in CI-Krebs and 0.68 times the control value in Br-Krebs, n=5 respectively).
In the presence of Sr, the amplitude of the contraction was reduced to 0.18 times the control value in Cl-Krebs and restored to 0.72 times the control value in Br-Krebs (n=5 respectively).
Therefore the amplitude of the contraction was not directly correlated with the amount of the influx of divalent cations.
DISCUSSION
In skeletal muscle, activation of the contractile mechanism is probably mediated by the following processes: (i) action potential development and its inward spread through the T-system, (ii) release of Ca ions from the sarcoplasmic reticulum, (iii) diffusion of Ca ions to the contractile protein, (iv) binding of Ca ion to the contractile proteins, (v) reaction of Ca bound protein which effects a mechanical response (EBASHI & ENDO 1968) .
In cardiac muscle, reduction of Na ion in the external solution enhances the amplitude of the contraction (LUTTGAU 1963 , LUTTGAU & NIEDERGERKE 1958 , NIEDERGERKE 1963 , NIEDERGERKE & ORKAND 1966 . This tendency was also observed in the stomach smooth muscle except in the case of the LiKrebs solution.
When Na ion in Krebs solution was replaced with Li ion, the membrane resistance increased slightly, but the spike amplitude remained the same as in Krebs solution.
However, the amplitude of the contraction was reduced to less than half of the control as observed in taenia coli (AXELSSON 1961) . If a similar amplitude and duration of spike activity indicates the entry of similar quantities of Ca ion into the cell, the amount of Ca ion directly spreading to the contractile protein might be the same in both conditions. Therefore, some steps during the processes involved in the E-C coupling might be inhibited by the presence of Li ions in the cell.
However, in the skeletal muscle it has been reported that Li ion does not produce any detectable change in the electrical and mechanical activities (MASHIMA & MATSUMURA 1962) .
It is likely that Cl ions have a more important role than Na ions in the development of the phasic tension in this smooth muscle. Since when Na ion were removed from the solution and replaced by tris ion, the amplitude of the contraction was less influenced than in the NaCl-free (sucrose) solution.
Reduction of the internal Cl ion from the cell might suppress the development of the tension, because the spike amplitude was not suppressed but enhanced in the NaCl-free (sucrose) solution. When Cl ion was replaced by NO3 or Br ion, the membrane was hyperpolarized, the membrane resistance reduced and the electrical and mechanical thresholds were lowered in stomach smooth muscle. The amplitude. and duration of the contraction were enhanced by NO3 and Br ion. Br ion had a stronger action on the above properties of the muscle than NO3 ion. These 
